The superconducting electron accelerator S-DALINAC enables electron scattering experiments with low momentum transfer and high energy resolution.
is quite different for inelastic observables. A recent ab initio calculation [4] of the monopole transition form factor of 4 He from the ground state to the first excited 0 + state pointed to a dramatic dependence of the results on the underlying interaction, see Fig. 1 . Three different Hamiltonians that describe the experimental 4 He ground-state energy within 1% and lead to the same elastic form factor, show large differences in their predictions for the monopole transition form factor F tr M (q). In particular, at low-momentum transfers, where data were taken in Darmstadt in the 1960s [5] , the discrepancies with respect to the chiral EFT prediction reaches a factor of about three. A new measurement on the first excited 0 + state of 4 He is needed for concluding on the deviation of the most advanced ab initio calculations from the available data at low momentum transfers. 4 He with the SNPA, the chiral EFT and a simple central 3N force compared to experimental data [4] .
In order to achieve sufficient luminosities, and thus acceptable measuring times, the previous experiments used normal-fluid liquid targets. A possible problem may be that fluctuating heat input into the target might have led to boiling of the liquid helium and, thus, to bubble formation and an uncontrollable reduction of the effective target thickness. This would have resulted in too small scattering count rates, and hence in underestimated scattering cross sections or form factors.
Therefore we decided to address that issue with a new measurement campaign and, for that, to accept the larger experimental effort of using a superfluid liquid target. The advantage of this approach is that the thermal conductivity of superfluid helium is almost infinitely large, avoiding the production of bubbles and corresponding changes of the effective target thickness.
It is planned to measure the width and form factor of the first excited state of 4 He, the 0 + state at 20.21 MeV, with a precision of a few per cent at the S-DALINAC by high-resolution inelastic electron scattering at low-momentum transfer using beam energies of 30 -100 MeV and angular settings ranging from 69°-165°. The data will allow for a precise measurement of the monopole form factor at squared momentum transfers ranging from 1.0 fm −2 down to 0.03 fm −2 .
To achieve the desired precision, the scattering signal off the excited state will be measured relative to the elastic scattering cross section off the ground state of 4 He [6, 7] , which is known with an accuracy better than 1.5 %, thereby avoiding many contributions to the systematic uncertainties in an absolute measurement of the cross sections. Reliable data will be obtained, whose uncertainties will be dominated by counting rate statistics, only.
To achieve sufficient luminosity, a target thickness of about 50 mg/cm 2 is desirable. Since the temperature of the liquid helium has to be reduced in order to accomplish a transition of the fluid into the superfluid phase, the density, and thus the effective target thickness, depends on the exact temperature of the fluid. In order to simultaneously record both the ground state and the excited state at the lowest foreseen beam energy of 30 MeV in a single spectrum, a momentum acceptance of ±28% would be necessary. Since the acceptance of the QClam spectrometer at the S-DALINAC [8] is limited to ±10%, the measurements of the excited state and the ground state must be carried out at two different magnetic field settings. In order to still be able to exploit the advantages of a relative measurement, the temperature stability of the system is crucial for successful experiments. A large part of the infrastructure required for such measurements is already available at the QClam spectrometer at the S-DALINAC. This provides further geometrical constraints for the final design of the target setup.
Of course, there are several helium targets existing in many different facilities, see e.g. Refs [9] [10] [11] [12] [13] . But none of them meets our requirements. Therefore we needed to establish a new design.
It is the purpose of this article to describe the design of a superfluid liquid helium (sLHe) target that provides the required constancy of the target thickness and to describe the characterization of the target during a commissioning experiment. In the next section we will describe the actual realization of the target. Section 3 will present the dedicated cooling procedure which is needed to cool the target down to its working temperature. In section 4, a first measured spectrum and the determination of the effective target thickness will be shown.
A summary and a short outlook are given in section 5.
Technical design
The basic constructive design of the sLHe target is shown in Fig. 2 . It consists of an outer vacuum chamber, three cryo-tanks, the target cell and three actively cooled aluminum heat shields. The uppermost tank has a volume of 18.5 liters and is filled with liquid nitrogen. Its main purpose is to cool the outermost heat shield layer. This blocks a large part of the external heat radiation before it can penetrate the liquid helium. In addition, the stability of the system is increased during operation. The middle tank has a volume of and the dependence of the density on the temperature becomes particularly small [14] . The pressure in the tank is adjusted via a control block connected directly to the pump.
The target cell is supplied with helium from this tank. In addition, the innermost heat shield is cooled such that the temperature stability of the target 
Cooling Procedure
The target is kept at a constant temperature of 1.8 K during operation.
Among other things, the heat shields must be brought to the temperatures specified in Section 2, requiring fast cooling of a large mass. To achieve this, a certain procedure described below has been worked out.
First the whole system is pre-cooled filling the nitrogen tank and then the 4 K helium tank with liquid nitrogen. The needle valve to the lower helium tank must be closed during this step. As soon as there is a sufficient level of liquid in the upper helium tank the needle valve can be opened carefully allowing liquid nitrogen to drip into the lower tank and evaporate, whereby also the lower tank is cooled. The needle valve must be closed before the boiling temperature of nitrogen is reached, as it will not be possible to remove residual liquid nitrogen from the lower tank. This procedure must be repeated several times.
Once the entire cryostat reaches stable 90 K, the remaining liquid nitrogen can be pressed out of the upper helium tank. When both helium tanks have warmed up again to roughly 100 K, the two helium tanks can then be filled with liquid helium. For this purpose it is important that both tanks are filled at the same time. In addition, the feed pump must be switched on so that there is a slightly lowered pressure in the lower tank. At the beginning of the filling procedure, the needle valve must be flushed with gaseous helium. To do this, the bypass valve of the control block must be opened and the needle valve needs to be closed at the same time. The pressure in the lower tank drops below 3 mbar. The bypass valve is then closed and the needle valve opened so that as much gaseous helium as possible flows through the needle valve and impurities such as nitrogen or hydrogen are removed. This process is repeated several times. After that the control block can be adjusted so that a pressure of about 900 mbar is reached in the lower tank. 
Target Thickness
In order to characterize the target properties, a commissioning experiment has been performed at an electron beam energy of 42.5(2) MeV and a scattering angle Θ = 75(2)
• , resulting in a momentum transfer of 0.04671(2) fm −2 .
To minimize the contribution of energy loss in the target to the total energy resolution, the target was rotated to align with the bisector between the beam axis and the direction of scattering into the spectrometer, i.e., to an angle θ target = ϑ/2 = 37.5(10)
• .
A measured spectrum is shown in Fig. 7 , where the inset provides an ex- We need to consider that the target was rotated by an angle θ target with respect to the beam axis. Due to this geometric adaption, the electrons had to travel a longer distance within the target than its geometrical thickness d. scattering cross sections
where d eff = d/cos(θ target ). Q 0 is the integrated collected charge and n the amount of scattering particles per area while µ denotes the mass of a single atom. The cross sections
for the elastic scattering of aluminum or helium can be calculated using the Mott scattering formula [1] .
Due to the low mass number, the recoil given momentum transfer for this experiment are sufficiently close to 1 [6, 16] for the desired precision and thus can be neglected.
We can extract the actual helium thickness d He,exp from our measured spectrum by comparing the ratio of the peak areas of the helium and the aluminum lines with the ratio of the corresponding Mott cross-sections:
Here, the thickness of the aluminum windows is d Al = (0.400 ± 0.015) mm.
A He and A Al are extracted from the spectra.
Using this thickness of the aluminum windows, the black solid line in Fig. 8 represents the calculated ratio of the peak areas as a function of the target Another method to determine the experimental target thickness would be the shift of electrons scattered though the Aluminum windows due to the additional liquid He target thickness discussed above. Stopping powers necessary to calculate the energy loss are known for many materials [17] but not for su- perfluid liquid helium. They may differ from those of LHe due to the possible formation of electron bubbles, in which shell electrons are pushed aside by additionally entering electrons [18] . Therefore, we did not attempt to determine the target thickness through the energy-loss measurement.
Summary
A superfluid liquid helium target for electron scattering experiments at small momentum transfer was designed and assembled. In addition, a cooling procedure was developed and tested. The obtained temperature stability, is better than 0.1 K even during the entire experiment with a fluctuating electron beam intensity. This leads to a stability of the helium density of better than 0.1 %.
Some key values are summarized in Tab. 2 .
The system was successfully tested in a commissioning experiment. To verify the functionality, the target thickness of the superfluid helium was determined experimentally and compared with the manufacturer's specifications. Both values conform with each other. Thus, the measurement of the first excited state can be started. It is also planned to use the target in another series of experiments to determine the longitudinal response function for excitation energies above 22 MeV and momentum transfers up to 0.5 fm −2 [3] .
